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OPTIMIZED LENS FOR INDIRECT 
OPHTHALMOSCOPY 

This application claims the bene?t of US. Provisional 
Application No. 60/726,857, ?led Oct. 14, 2005, Which is 
hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention is directed to diagnostic ophthalmic 
lenses, particularly indirect ophthalmoscopy lens systems 
having at least one lens element made from glass composi 
tions Which not only provide improved performance but also 
can be steriliZed in an autoclave Without experiencing optical 
degradation. 

BACKGROUND OF THE INVENTION 

It is Well knoWn in the art to use suitably engineered and 
prepared diagnostic ophthalmic lenses to provide an indirect 
image of the retina of a patient under examination. By prop 
erly placing a diagnostic ophthalmic lens a suitable distance 
from the cornea of an eye, an indirect image of the retinal 
surface is formed external to the eye structure. The indirect 
image of the curved retinal surface is typically formed in a 
generally ?at image plane Wherein it is available for conve 
nient observation using an ophthalmoscope. 
US. Pat. No. 4,738,521 (Which is incorporated herein by 

Way of reference) describes exemplary diagnostic ophthalmic 
lenses designed for use in conjunction With indirect ophthal 
moscopes. This patent describes an indirect ophthalmic lens 
for use in examining a patient’s eye comprising a homoge 
neous transparent optical material having tWo aspheric sur 
faces of revolution. The optical material used to form the dual 
aspheric lens is described as being either a glass having an 
index-of-refraction of 1.523 or, alternatively, an ophthalmic 
plastic having an index-of-refraction of 1.498. The attributes 
of a lens fabricated as de?ned in this patent alloW a generally 
?at indirect image of the retina-under-exam to be formed free 
of any signi?cant image aberrations. 

Diagnostic ophthalmic lens systems such as that described 
in the above patent are used for both illumination and imaging 
purposes (as further discussed herein). As a result, hoWever, 
specular surface re?ections can reduce the performance of the 
lens system. 

Diagnostic ophthalmic lens systems also must be steril 
iZed. For example, it is common to use diagnostic ophthalmic 
lenses in conjunction With an indirect ophthalmoscope Within 
an operating room environment during surgery on the eye. 
Because the surgeon touches the diagnostic ophthalmic lens 
during the course of surgery and then goes on to perform other 
procedures and operations Within the sterile surgical ?eld, it is 
necessary for the diagnostic ophthalmic lens to be properly 
steriliZed prior to each and every surgical use. One method of 
effecting adequate steriliZation of medical devices is through 
the use of a steam autoclave. In a steam autoclave, vapor 
under high temperature and pressure is used to effectively 
steriliZe the surfaces of the item. HoWever, the harsh environ 
ment of a steam autoclave Will often have a deleterious effect 
on the optical and structural properties of standard optical 
glasses. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention provides an auto 
clavable diagnostic ophthalmic lens system comprising a 
biconvex lens element fabricated from a glass having an 
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2 
index-of-refraction of 1.7 or greater. The glass composition 
meets the folloWing parameters: 
(% SiO2 (by Weight)+% B2O3) is less than 50%; 
% of alkali metal compounds+% of alkaline earth metal 

compounds is less than 10%; and 
(% SiO2+% B2O3)/(% rare earth compounds) is less than 1. 

The lens system further comprises a housing in Which the 
biconvex lens element is mounted, and the optical poWer of 
the biconvex lens element is betWeen about 10 and about 40 
diopters. 
The front and rear surfaces of the biconvex lens element 

may both be aspheric or spherical. Alternatively, one surface 
may be aspheric and the other surface spherical. The housing 
may include a tactile (non-smooth) surface on at least a por 
tion of its exterior in order to facilitate gripping of the housing 
during use. The tactile surface may comprise a knurled sur 
face. 

In another embodiment, the biconvex lens element is fab 
ricated from a glass having an index-of-refraction greater 
than 1 .8, Wherein the glass meets the folloWing compositional 
parameters: 
% SiO2 (by Weight)+% B203 is less than 30% of the total 

Weight of the composition; 
the sum of the % of alkali metal compounds and the % of 

alkaline earth metal compounds is less than 5% of the 
total Weight of the composition; and 

(% SiO2+% B2O3)/(% rare earth compounds) is less than 
0.7. 

In a particular embodiment, the index-of-refraction of the 
glass is greater than 1.8, and the glass comprises: 

<10% 
10-20% 
40-50% 
10-20% 
10-20% 
<10% 
<10% 
<1% 
<1% 
<1% 
<10% 

In yet another particular embodiment, the index-of-refrac 
tion of the glass is greater than 1.8, and the glass comprises: 

S102 3-8% 
B203 5-15% 
La2O3 25-35% 
Gd2O3 25-35% 
Ta2O5 15-25% 
Nb2O5 <2% 
Z102 3-8% 
Sb2O3 <0.5% 
SnO2 <1% 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing detailed description Will be more fully 
understood in vieW of the draWing in Which: 

FIG. 1 depicts the use of a prior art diagnostic ophthalmic 
lens system in conjunction With a head-mounted indirect 
ophthalmoscope; 
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FIGS. 2 and 4 depict the formation of a deleterious specular 
re?ection artifacts off the surfaces of the highly curved diag 
nostic ophthalmic lens system of FIG. 1; 

FIGS. 3 and 5 depict the use of an exemplary lens system 
according to one embodiment of the present invention in 
place of the prior art lens system of FIG. 1; and 

FIG. 6 is a cross-sectional vieW of an exemplary lens sys 
tem according to one embodiment of the present invention. 

The embodiments set forth in the drawings are illustrative 
in nature and are not intended to be limiting of the invention 
de?ned by the claims. Moreover, individual features of the 
draWing and the invention Will be more fully apparent and 
understood in vieW of the detailed description. 

DETAILED DESCRIPTION 

The present invention is directed to diagnostic ophthalmic 
lens systems Which may be used in conjunction With an indi 
rect ophthalmoscope, particularly in the surgical arena or in 
other applications in Which autoclave sterilization is required 
betWeen uses. The lens systems of the present invention may 
be used to form an inverted real aerial image of the retina. The 
diagnostic ophthalmic lens systems of the present invention 
include a lens element fabricated from a glass composition 
Which results in a reduction of the effects of deleterious 
back-re?ected light from a ophthalmoscope light source (i.e., 
specular surface re?ections). At the same time, the glass 
composition is compatible With the environment of a steam 
autoclave. 

In particular, applicants have discovered that loW diopter 
(10-40 diopters) diagnostic ophthalmic lens systems com 
prising a biconvex lens element made from certain glass 
compositions having an index-of-refraction of 1.7 or greater 
Will signi?cantly reduce the effects of specular surface re?ec 
tions as compared to lens elements made from glass having a 
loWer index-of-refraction. At the same time, these glass com 
positions may be steam autoclaved Without degradation of the 
glass. As used herein, the term “autoclavable” means that the 
lens element can be repeatedly steam steriliZed (20 times or 
more using tap Water having about 300 ppm total dissolved 
solids in an autoclave) at temperatures of at least about 275° 
F. Without exhibiting damage Which adversely affects the 
performance of the lens. The lens systems of the present 
invention may have an optical poWer of betWeen about 10 and 
about 40 diopters. 

In the past, loW optical poWer indirect ophthalmoscopy 
lens systems have not used glass compositions having an 
index-of-refraction of 1.7 or greater since such materials are 
much more expensive than loWer index glass. Although the 
use of loWer index glass results in lens elements having 
greater curvature, the increased curvature is generally not an 
issue for loW optical poWer lens systems. HoWever, applicants 
have discovered that these lens systems may be fabricated 
from certain high index glass compositions Which not only 
signi?cantly reduce the effects of specular surface re?ections, 
but also can be repeatedly autoclaved. The loW index glass 
materials typically used in these lens systems cannot be auto 
claved since the glass Will deteriorate such that the lens sys 
tem becomes unusable. 

FIG. 1 depicts the use of a prior art lens design With an 
ophthalmoscope to form an indirect image of a retina. In FIG. 
1, a diagnostic ophthalmic lens 10 is located at a distance 
from an eye-under-exam. The lens 10 receives re?ected light 
rays from all points along the surface of the retina 20 and 
forms an inverted and magni?ed indirect image 30 of the 
retinal surface in a region external to the eye. After forming 
the indirect image 30, the imaged light rays proceed toWards 
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4 
an indirect ophthalmoscope 40 along an imaging path 80. At 
the indirect ophthalmoscope 40, the light rays that have fol 
loWed along the imaging path 80 are received by the objective 
lens 60 of the indirect ophthalmoscope 40 Which acts, in turn, 
to make the retinal image 30 vieWable by the doctor. 

Ophthalmoscope 40 also includes a lamp 50 having an 
associated illumination path 70. Lamp 50 acts as a source of 
illumination Which highlights the surface of the retina 20 in 
order to form the indirect, real retinal image 30. Light emitted 
from lamp 50 travels along the illumination path 70 until it 
strikes the surface of the diagnostic ophthalmic lens 10. At 
this point, the diagnostic ophthalmic lens focuses the light 
through the pupil of the eye, through the eye lens 21, and onto 
the retinal surface 20. 
One problem With existing diagnostic ophthalmic lenses 

10 is directly related to their dual imaging/illumination func 
tions. When an intense lamp ?lament or other source of illu 
mination is made incident to the surface of a generally trans 
missive polished optical surface, a percentage of the incident 
light rays or ?ux re?ects off the surface of the substrate. 
Instead of transmitting through or past, a portion of the inci 
dent ?ux re?ects as if the surface Was a mirror. This phenom 
enon is commonly observed in nature, as Witnessed by the 
re?ections of the sun off the surface of a pool or a lake. This 
tendency for a portion of the incident ?ux to re?ect happens to 
some degree independent of Whether or not the surface 
includes an anti-re?ection (AR) optical coating. AR coatings 
of this type are Well knoWn in the art and do indeed act to 
minimiZe the magnitude of these specular re?ections. HoW 
ever, coatings of this type do not eliminate specular re?ec 
tions entirely, thereby leaving AR-coated lenses still suscep 
tible to specular surface re?ections When these lenses are used 
for both illumination and imaging purposes. 

In the case of diagnostic ophthalmic lens 10 in FIG. 1, these 
direct specular re?ections from both the front and back sur 
faces of the lens add deleterious artifacts that tend to mask 
important details of the retinal image 30 as it is vieWed 
through the ophthalmoscope 40. Applicant has discovered 
that speci?c engineered changes to the form and/or compo 
sition of the diagnostic ophthalmic lens 10 can reduce the 
tendency of the lens to form such deleterious specular re?ec 
tions and, in doing so, improve its overall performance. 

In particular, certain glass compositions having an index 
of-refraction of 1.7 or greater alloW for the formation of a lens 
having a particular focal length using less curved surfaces as 
compared to a glass fabricated out of a loWer index material. 
In addition, these glass compositions are autoclavable. 
The optical poWer of a spherical lens surface at a lens-to-air 

interface is given by the relationship Optical PoWer:(n—l)/r, 
Wherein n is the index-of-refraction, and r is the radius of 
curvature of the lens surface. Assuming tWo different optical 
materials, one With an index-of-refraction of 1.5 and another 
With an index-of-refraction of l .8, and a goal of achieving the 
same optical poWer in both, the above equation dictates that 
the material having the higher index-of-refraction Would need 
to be formed With a radius of curvature of l .6 times that of the 
loWer index material in order to provide the same optical 
poWer. In other Words, the higher index-of-refraction material 
results in a ?atter lens surface. The bene?ts of using a ?atter 
lens surface such as this to construct a diagnostic ophthalmic 
lens is illustrated in FIGS. 2-5. 

FIG. 2 provides an illustrative example of the specular 
re?ections that can occur off of the front surface of a prior art 
diagnostic ophthalmic lens 10 made from a glass composition 
having an index-of-refraction of l .5. For simplicity, in FIG. 2 
the integral ophthalmoscope lamp is represented by the 
extended illumination source 51. The extended illumination 
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source 51 is located in close physical proximity to the oph 
thalmoscope objective lens 60. Illumination rays emanating 
from the extended illumination source 51 travel along an 
illumination path 70 until they reach the front surface 11 of 
the diagnostic ophthalmic lens 10.At this surface, a portion of 
the incident ?ux re?ects off the polished front surface 11 as if 
it Were a mirror. The re?ected rays travel back in the general 
direction of the ophthalmoscope objective 60 and, as indi 
cated by the re?ected ray bundle spanning from Well beloW 
the objective 60 to someWhat above, a portion of rays enter 
directly into the objective. In this speci?c example the radius 
of curvature of the front surface 11 of the lens 10 is 80 mm. At 
this surface radius and With the general illumination and 
vieWing geometry depicted in FIG. 2, the extended illumina 
tion source 51 Would specularly re?ect back into the ophthal 
moscope objective 60 along the specular Zone 12 de?ned 
along the front surface 11. The presence of this specular 
re?ection in this location Would limit the utility of the diag 
nostic ophthalmic lens 10 to produce useful retinal imagery in 
this region of its ?eld-of-vieW (FOV) due to its tendency to 
saturate the scene in this location. 

In contrast to this, FIG. 3 shoWs the same opto-mechanical 
arrangement using a diagnostic ophthalmic lens 110 accord 
ing to an embodiment of the present invention. The front 
surface 111 of lens 110 has been ?attened to a radius of 125 
mm, as the glass has an index-of-refraction of 1.8 instead of 
1.5. As seen in FIG. 3, the re?ected cone of rays all return in 
the direction of the ophthalmoscope but none enter the obj ec 
tive 60. This is indicated by the fact that the ray of maximum 
extent 171 arrives Well beloW the entrance to the objective 60. 
Thus, the use of a high index-of-refraction optical material 
facilitates the management of specular surface re?ections and 
thereby alloWs for an overall improved device. 

FIG. 5 shoWs a similar advantageous effect occurring on 
the rear surface of the diagnostic ophthalmic lens. In FIG. 4, 
prior art lens 10 includes a rear surface 13 having a radius of 
curvature of 50 mm. An analysis of this ray trace geometry 
shoWs a specular Zone 14 forming on the rear surface 13. In 
FIG. 5 depicting a lens 110 according to one embodiment of 
the present invention, the radius of curvature of the rear sur 
face 113 is modi?ed to 80 mm as it Would be altered When 
using 1.8 index glass. In this case, the operation of the diag 
nostic ophthalmic lens 110 is Without deleterious specular 
re?ections from the rear surface 113. 

Diagnostic ophthalmic lens systems of the present inven 
tion generally comprise a single lens element having an opti 
cal poWer of betWeen about 10 and about 40 diopters. In some 
embodiments, the lens element may have a diameter betWeen 
about 0.5 and about 3 inches. The lens element is biconvex, 
and is made from an autoclavable, homogenous glass com 
position having an index-of-refraction of 1.7 or greater. The 
front and rear surfaces of the lens element may each be 
aspheric or spherical. In other Words, both surfaces may be 
aspheric, both may be spherical, or one may be aspheric and 
the other spherical. (As used herein, the “rear surface” of the 
lens element refers to the surface Which is positioned closest 
to the patient’s eye during normal use). Image aberrations 
inherent in the lens may be minimiZed by providing aspheri 
cal front and rear surfaces. 

FIG. 6 shoWs a cross-section of a single-element diagnostic 
ophthalmic lens system according to one embodiment of the 
present invention. Lens element 110 is mounted in a housing 
180 Which holds the lens around its periphery 181. The hous 
ing 180 serves to protect the lens element 110 While also 
alloWing an unobstructed optical pathWay through its central 
aperture 182. The housing 180 may also have a tactile surface 
183 (e.g., a knurled surface) machined or otherWise provided 
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6 
on at least a portion of its external surface. During normal 
usage, a doctor may adjust the position and orientation of the 
single biconvex diagnostic ophthalmic lens 110 by manually 
grasping the housing 180 and then orienting it into proper 
relationship With respect to a patient’ s eye. The tactile surface 
183 provides a non-smooth surface Which facilitates the doc 
tor obtaining a ?rm grip on the housing 180 during use of lens. 
Housing 180 may be made from any of a variety materials, 
particularly autoclavable materials such as aluminum, stain 
less steel, titanium, or high-temperature polymer. Lens ele 
ment 110 may be ?xed Within housing 180 (e.g., by use ofan 
autoclavable adhesive) or may be removably secured Within 
housing 180, as is knoWn to those skilled in the art. 

In addition to the reduction in specular re?ections 
described above, the glass compositions used in the present 
invention are also autoclavable. Thus, by using such glass 
compositions, not only is optical performance improved, but 
the lens system can be steriliZed by autoclaving. 

Historically, glass compositions used to fabricate optical 
elements such as lenses Were primarily mixtures of various 
compounds of semi-metals. Examples of typical glass form 
ing compounds include SiO2, B203, As2O3, and GeO2. Vari 
ous mixtures of these base compounds have been used to 
create a variety of distinct optical glass types, each With 
slightly different optical properties such as index-of-refrac 
tion, dispersion, and optical transmission. For the most part, 
the deviations in index-of-refraction Were minor With the 
average index someWhere around 1.5. 

Glass compositions that are primarily composed of semi 
metal compounds have been shoWn to deteriorate rapidly 
When exposed to the harsh environment of a steam autoclave. 
In particular, compounds of semi-metals are prone to dissolv 
ing out of the polished lens substrate When the lens is exposed 
to the high temperature and pressure environment of a steam 
autoclave. During autoclaving, the semi-metal compounds 
dissolve out of the glass causing corrosion on the surface of 
the polished glass surface. These surface impurities accumu 
late over time and Work to reduce the ability of the lens to 
transmit or focus light. Thus, conventional glass composi 
tions often are not autoclavable. 

In order to achieve higher indices-of-refraction, some of 
the semi-metal compounds contained in conventional glass 
formulations are typically replaced With a variety of other 
compounds. Some of the compounds added to achieve high 
index, optically clear, and readily Workable optical glasses 
include, but are not limited to: LaO3, Gd2O3, Ta2O5, Y2O3, 
W03, TiO2, ZnO2, Nb2O5, A1203, ZnO, BaO, Sb2O3, CaO, 
Na2O, Yb2O3, SnO2, ZrO2 and K20. 

In general, the steps taken to increase the index-of-refrac 
tion of optical glasses (i.e., replacing some of the semi-metal 
compounds With other oxides) tend to provide the additional 
bene?cial effect of making the glass more compatible With 
steam autoclave steriliZation. HoWever, testing has shoWn 
that not all high index-of-refraction (21.7) glasses are equal 
in terms of autoclavability. In particular, oxides of alkali 
metals (e.g., K20, NaZO) and oxides of alkaline earth metals 
(e.g., BaO, CaO) tend to readily dissolve out of the solid glass. 
Once dissolved out, these compounds react quickly and e?i 
ciently to form deleterious impurity sites along the surface of 
the polished lens (Which Will appear as opaque spots on the 
surface of the lens). 

In contrast, oxides of rare earth elements (e.g., La2O3, 
Gd2O3, Yb2O3) tend not to dissolve out under the conditions 
of a steam autoclave. As such, glass compositions incorpo 
rating oxides of rare earth elements are more stable and com 
patible With autoclaving. Furthermore, oxides other than rare 
earth metal oxides, alkali metal oxides, and alkaline earth 
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metal oxides (e.g., Y2O3, W03, TiO2, ZnO2, Nb2O5, A1203, 
ZnO, Sb2O3, SnO2, ZrO2 and TaZOS) have properties that 
make them intermediate performers in regard to autoclavabil 
ity (i.e., they shoW some reduced tendency to dissolve out 
When exposed to a high-temp, high pressure steam atmo 
sphere). 

In particular, high index-of-refraction (21.7) optical glass 
compositions meeting the folloWing parameters not only pro 
vide the desired optical properties but are also autoclavable: 

% SiO2 (by Weight)+% B203 is less than 50% of the total 
Weight of the composition; 

the sum of the % of alkali metal compounds and the % of 
alkaline earth metal compounds is less than 10% of the 
total Weight of the composition; and 

(% SiO2+% B2O3)/(% rare earth compounds) is less than 1 
In yet another embodiment, the lens system of the present 

invention may comprise a biconvex lens element formed from 
a glass composition having an index-of-refraction greater 
than 1.8, Wherein: 
% SiO2 (by Weight)+% B203 is less than 30% of the total 

Weight of the composition; 
the sum of the % of alkali metal compounds and the % of 

alkaline earth metal compounds is less than 5% of the 
total Weight of the composition (or even less than 1%); 
and 

(% SiO2+% B2O3)/(% rare earth compounds) is less than 
0 7 

By Way of example, three commercially-available glass 
compositions Which may used to fabricate autoclavable lens 
elements according to the present invention are provided in 
the table beloW. Testing of these glass compositions has con 
?rmed their autoclavability. Although the exact compositions 
are not provided by the manufacturer, the beloW table 
includes compositional information provided by the manu 
facturer for each composition. 

Hikari E-LASF08 Ohara S-LAHS 8 

Index-of-refraction 1.88 1.88 
Composition: 

SiO2 <10% 3-8% 
B203 10-20% 5-15% 
La2O3 40-50% 25-35% 
Gd2O3 10-20% 25-35% 
T51205 10-20% 15-25% 
Nb2O5 <10% <2% 
ZrO2 <10% 3-8% 
Sb2O3 <1% <0.5% 
SnO2 <1% 
BaO <1% 

W03 <1% 
Yb2O3 <10% 
CaO 

Y2O3 
ZnO 

Hikari E-LASF08 is available from Hikari Glass USA, Inc., 
and Ohara S-LAH58 is available from Ohara, Inc. Both of 
these materials have been experimentally shoWn to be com 
patible With autoclave steriliZation. The level of acceptable 
performance that has been experimentally determined can 
also be predicted by applying the three compositional rules 
that are listed once again beloW to these tWo glass types: 

% SiO2 (by Weight)+% B203 is less than 50% of the total 
Weight of the composition; 
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8 
the sum of the % of alkali metal compounds and the % of 

alkaline earth metal compounds is less than 10% of the 
total Weight of the composition; and 

(% SiO2+% B2O3)/(% rare earth compounds) is less than 1 

For both of these 2 glass types, the compositional information 
that is supplied by the manufacturer results in compositional 
metrics that predict acceptable autoclave performance. 
The speci?c illustrations and embodiments described 

herein are exemplary only in nature and are not intended to be 
limiting of the invention de?ned by the claims. Further 
embodiments and examples Will be apparent to one of ordi 
nary skill in the art in vieW of this speci?cation and are Within 
the scope of the claimed invention. 
What is claimed is: 
1. A lens system comprising a biconvex lens element and a 

housing in Which said biconvex lens element is mounted, 
Wherein: 

said biconvex lens element comprises front and rear sur 
faces; 

said front surface of said biconvex lens element comprises 
a radius of curvature of 125 mm or said rear surface of 
said biconvex lens element comprises a radius of curva 
ture of 80 mm; 

said biconvex lens element comprises a diameter betWeen 
about 0.5 inches to about 3.0 inches; 

said biconvex lens element is fabricated from a glass com 
position having an index-of-refraction of about 1.7 or 
greater; 

said glass composition comprises SiO2 and B2O3; 
a combined Weight % of SiO2 and B203 in said glass 

composition is less than 50%; 
a combined Weight % of alkali metal compounds and alka 

line earth metal compounds in said glass composition is 
less than 10%; 

a ratio of said combined Weight % of SiO2 and B203 over a 
Weight % of rare earth compounds in said glass compo 
sition is less than 1; 

said biconvex lens element is con?gured to display an 
inverted and magni?ed indirect image of a retinal sur 
face of an eye of a patient in a region external to the eye; 
and 

said lens system is con?gured such that the optical poWer 
of said lens element is betWeen about 10 and about 40 
diopters. 

2. The lens system of claim 1, Wherein said glass compo 
sition has an index-of-refraction greater than 1.8, said glass 
composition comprising: 
% SiO2 (by Weight)+% B203 is less than 30% of the total 

Weight of the composition; 
the sum of the % of alkali metal compounds and the % of 

alkaline earth metal compounds is less than 5% of the 
total Weight of the composition; and 

(% SiO2+%B2O3)/(% rare earth compounds) is less than 
0.7. 

3. The lens system of claim 2, Wherein said glass compo 
sition comprises: 

SiO2 <10% 
B203 10-20% 
La2O3 40-50% 
Gd2O3 10-20% 
T51205 10-20% 
Nb2O5 <10% 
ZrO2 <10% 
Sb2O3 <1% 
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BaO <1% 

W03 <1% 
Yb2O3 <10%. 

4. The lens system of claim 3, wherein said lens system 
includes a single lens element. 

5. The lens system of claim 2, Wherein said glass compo 
sition comprises: 

S102 3-8% 
B203 5-15% 
La2O3 25-35% 
Gd2O3 25-35% 
Ta2O5 15-25% 
Nb2O5 <2% 
Z102 3-8% 
Sb2O3 <0.5% 
SnO2 <1%. 

6. The lens system of claim 5, Wherein said lens 
includes a single lens element. 

7. The lens system of claim 2, Wherein said lens system 
includes a single lens element. 

8. A lens system comprising a biconvex lens element and a 
housing in Which said biconvex lens element is mounted, 
Wherein: 

said biconvex lens element comprises front and rear sur 

faces; 
said biconvex lens element is fabricated from a glass com 

position having an indeX-of-refraction greater than 1.8, 
said glass composition comprising: 

system 

sio2 34% 
B203 515% 
La2O3 25-35% 
Gd2O3 25-35% 
@205 15-25% 
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Nb2O5 <2% 
Zro2 345% 
$11203 <0.5% 
SnO2 <1 %; 

said biconvex lens element is con?gured to display an 
inverted and magni?ed indirect image of a retinal sur 
face of an eye of a patient in a region external to the eye; 
and 

said lens system is con?gured such that the optical poWer 
of said lens element is betWeen about 10 and about 40 
diopters. 

9. The lens system of claim 8, Wherein said front and rear 
surfaces are aspheric. 

10. The lens system of claim 8, Wherein said front and rear 
surfaces are spherical. 

11. The lens system of claim 8, Wherein one of said front 
and rear surfaces is aspheric and the other surface is spherical. 

12. The lens system of claim 8, Wherein said front surface 
of said biconvex lens element comprises a radius of curvature 
of 125 mm. 

13. The lens system of claim 8, Wherein said rear surface of 
said biconvex lens element comprises a radius of curvature of 
80 mm. 

14. The lens system of claim 8, Wherein said housing 
includes a tactile surface on at least a portion of its exterior. 

15. The lens system of claim 14, Wherein said tactile sur 
face comprises a knurled surface. 

16. The lens system of claim 8, Wherein the biconvex lens 
element is a single lens element having front and rear spheri 
cal surfaces comprising radii of curvature of 125 mm and 80 
mm respectively. 

17. The lens system of claim 8, Wherein said lens system 
includes a single lens element. 

18. The lens system of claim 8, Wherein said biconvex lens 
element comprises a diameter betWeen about 0.5 inches to 
about 3.0 inches. 


